). Data utilization and analytical skills among mid-level health programme managers in a developing country. International Journal of Epidemiology 1993; 22: 194-200. Mid-level health managers in a developing country were studied to examine the extent to which they are able to use and analyse data they receive from a new health information system. Among 168 managers filling out a self-administered questionnaire, 52% could compute a simple cost-effectiveness ratio and 27% were able to calculate proportions. Only 43% of the managers were able to construct a cumulative graph similar to the one recommended by WHO. Facility with these tasks was not related to levels of training or age. Twelve out of 25 programme managers interviewed in depth did not know how well their particular programme had performed in the previous year. Similarly, only six of these managers knew their best and poorest performing districts. The results of this study suggest; 1) Training managers in data analysis and use is critical if health information systems are to actually improve health care delivery. 2) Data intended for the use of programme managers need to be presented in simple ways. 3) Further social research is required to understand how managers perceive and use data. 4) Efforts to ensure the use of data should not be seen as something to be 'added on' after information systems are in place.
Since the advent of microcomputers in the early 1980s there has been a large increase in the number of computerized health information systems in developing countries. The speed, accuracy, and low cost of the computers gave a new impetus to the systematic collection and analysis of routine data from peripheral health facilities. The new information systems were seen as ways of providing health programme managers with the data they needed to effectively plan and monitor service delivery.
Research directed towards practical problems in health care delivery is another major source of data for health programme managers. According to recent estimates US$835 million is spent annually on health research performed in developing countries out of which 10-40% is used for research on issues related to public health. 1 While advances in information technology have been impressive, some scepticism has been expressed that improvements in the technology itself will im- prove health care delivery. 2 ' 3 In order for health information systems and problem oriented research to make a contribution to improving health services, managers must understand and pay attention to the data they have. The present study was undertaken to examine the extent to which managers understand and are aware of the data to which they have easy access. It also served as a needs assessment in the design of a training course on data analysis and use.
METHODS
This study was carried out in a developing country with a per capita GNP above US$500 and an adult literacy rate above 75%. The study involved Ministry of Health managers working in an area with a population of nearly 6 million people. A survey questionnaire was used to test the managers' knowledge and skills in simple data analysis, while structured interviews were conducted to assess the extent to which managers actually use the data they receive from the health information system.
Survey Questionnaire
Managers were invited to a workshop in their own province to discuss the implementation of a new health in-formation system. The new system was a refinement and consolidation of previously existing data collection systems that had been set up by each public health programme. The new information system was meant to simplify the collection of routine data from all health facilities and used microcomputers to collate results. During the workshop a self-administered questionnaire was filled out anonymously by all the staff that attended. A review of records showed that 92% of the invited managers attended the workshop and completed a questionnaire.
In addition to the 142 provincial staff who filled in the survey questionnaire, 26 municipal health officers (MHO) who attended the provincial meetings also completed a questionnaire. The MHO were selected by the Provincial Health Officer and most worked in health centres near the provincial office. Hence, the sampling procedure used among the MHO must be regarded as one of convenience. The total sample size was 168.
The questionnaire consisted of two parts. The first part dealt with background information on the respondents and their opinions about the new health information system. The second part of the questionnaire (Appendix) consisted of 20 questions which were meant to test the managers' skills in interpreting and manipulating simple data; a few questions were deliberately designed to be difficult. The questionnaire had been pre-tested extensively prior to the study and was printed in the language used in official government communication All the respondents had completed university training, 34% were doctors, and 21 % had the equivalent of a master's degree in public health (MPH). In all 71% had been working in the Ministry of Health for more than 5 years.
Structured Interviews
Twenty-five programme managers were interviewed in their offices. A questionnaire was employed although discussion of various points was encouraged. The records of the managers were perused and any graphs they had constructed were also examined.
RESULTS

Ratios, Proportions, A verages, and Percentages
The managers surveyed had difficulty with simple calculations such as ratios, proportions, and percentage change (Table I) . (The percentage of the managers correctly answering each question on the survey is also listed next to the question itself in the Appendix.)
Calculating a simple average (question 5) caused the managers few problems but only 11 % could compute a weighted average (question 6).
Construction and Interpretation of Graphs
The Expanded Program on Immunization (EPI) has recommended that cumulative graphs of performance should be kept in each health facility and at district, provincial, and national levels. However, among the 10 EPI managers who filled out questionnaires only seven constructed a cumulative graph correctly (question 13) and five gave the right interpretation (question 14). The other managers had an even harder time with cumulative graphs.
Constructing and interpreting bar charts was also not done very well (questions 17, 19, and 20) however a simple pie chart (question 7) was correctly interpreted by 76% of the respondents.
Knowledge of Epidemiology
The results of household surveys were felt to be more accurate than data coming from a routine reporting system by only 55% of those studied. Roughly the same proportion understood the difference between incidence and prevalence. As expected, very few understood the basics of experimental design such as the difference between a cross-sectional survey and a randomized trial (question 11).
Score on Test of A nalytical Skills
The average score for all managers surveyed was 8.1 correct answers out of a possible 20 (Figure 1 ). Respondents with an MPH (or its equivalent) did no better than staff without postgraduate degrees, and nurses did as well as doctors. There was also no significant difference between the staff working at provincial or municipal level. The absence of a difference between these groups was not because some questions were difficult. As the Appendix demonstrates, only five questions were answered correctly by less than 20% of respondents.
Years of service in the government (and hence age) did not affect a manager's score (Figure 2 ).
Data Utilization
The 25 provincial programme co-ordinators who took part in the structured interviews were asked which single indicator obtainable from the health information system was most important in monitoring the performance of their programme. The managers were then asked about how well their provinces had performed on the specified indicator during the previous year. Thirteen of the 25 (52%) knew the answer to within ± 5%. For the specified indicator, 36% of the managers knew their poorest performing district (or province) and only 24% knew both their best and worst performing districts. Few of the managers interviewed (3, 12%) had graphs that related to the current or previous year's accomplishments. However, 40% had at one time drawn graphs related to their performance. Cumulative performance graphs, such as the monitoring charts recommended by the EPI, were not in use at all, even by the nine EPI staff questioned.
It may be that managers are hesitant to use data from the health information system because they are sceptical about its accuracy. However, 57% of all the managers, including 84% of those who participated in the structured interviews, responded to a closed question that the data they received from the health information system was 'acceptably accurate'.
DISCUSSION
The managers that were interviewed appeared not to use, and displayed little familiarity with, the data that they received from the health information system. Many of the managers surveyed had such a hard time interpreting and analysing data that it could seriously impair their ability to use quantitative information in making decisions.
There are a number of possible explanations why, despite being well educated and experienced, the managers demonstrated little inclination to use the data they had available. Firstly, because they lacked some of the mathematical and statistical skills needed to analyse data, managers may have felt uncomfortable with any but the most cursory analyses. Secondly, at the time the study was carried out there was little institutional pressure on managers to seriously examine their data. This situation has changed recently with the introduction of an area-based planning approach which forces managers to examine the performance of specific programmes and in particular geographical areas. Thirdly, managers would, naturally, be reluctant to use the data coming from a health information system if they felt it to be inaccurate or misleading. However, this is unlikely to be an important factor since most of the managers surveyed perceived the data as being acceptably accurate.
Whatever the cause, the fact that managers do not understand or much rely on quantitative information significantly reduces the effectiveness of health information systems and problem-oriented research in improving the delivery of health services.
The results of this study lead to a few conclusions:
1) There is a need for the effective training of managers in appropriate data analysis skills. The lack of such skills could seriously impair managers' ability to use data to improve service delivery. 2) Data intended for the use of programme managers need to be presented in a simple way. Pie charts appear to be very useful while complex tables and complicated graphs do not appear to be well understood. 3) Health managers need to feel some 'institutional pressure' to use the data they routinely receive. For example, where budget allocations are linked to planning exercises that require the analysis of routine data, it is likely that managers will pay more attention to the information they have. 4) Further social research is required to understand how managers perceive and use data. Efforts at promoting primary health care interventions have made extensive use of focus groups, in-depth interviews etc. to understand mothers' perceptions. Similar research approaches should be used with programme managers and their use of data. 5) Strategies to ensure that reliable data is actually used should be elucidated before the information system is in place or the research is completed. This means that budgets need to contain line items for such efforts and people need to be identified who are specifically responsible for ensuring that data is applied in making decisions.
(Received June 1993)
APPENDIX
Test of Managers' Data Analytical Skills
(Number in brackets indicate the percentage getting the correct answer to that question.)
Part B: Please fill in this part of the questionnaire to the best of your ability. Some of the questions are difficult but please don't worry. You are not expected to know the answers to all the questions.
Questions 1 and 2 refer to the following data: 
